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Abstract 
This paper focuses on possibilities to maximize waste conversion through integration of a Waste-To-Energy (WTE) plant with a 
gas turbine (GT). In particular, this study investigates the feasibility of utilizing the hot gases leaving the GT mainly to superheat 
the steam leaving the WTE steam generator. A parametric investigation on the steam production is carried out and the optimum 
plant match condition in terms of plants capacity ratio is identified and discussed. Detailed modifications to a typical WTE cycle 
arrangement are presented, in order to evaluate the resulting performance enhancement. Numerical results of a conventional 
reference WTE plant repowering with different GT commercial units are shown and discussed. Performance indexes, specifically 
introduced in order to assess the proposed integrated configuration and to allocate power output to each input fuel are illustrated 
and applied on the considered plant. Results of the study suggest possibilities to create new advanced WTE-GT integrated power 
plants or to repower existing WTE plants, in order to increase waste to energy conversion. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of ATI NAZIONALE. 
Keywords: Waste-To-Energy; Waste; Gas Turbine; Repowering; Thermodynamic analysis; 
1. Introduction 
Waste-to-Energy (WTE) plants have been established worldwide as a sustainable method for the disposal of residual 
waste. High investments in new WTE facilities and recycling activities have been enforced in many EU Countries at 
the beginning of this century. Incineration and recycling capacities are large enough in middle Europe to avoid 
landfilling of organic waste. Considering the enormous amount of Green House Gases emissions saved by WTE 
facilities as compared to landfills, free capacities of WTE installations should be used to recover energy from waste 
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in EU member states where waste disposal is predominantly based on landfilling. 
The long-term aim of EU waste management policies is to reduce the amount of waste generated and, when waste 
generation is unavoidable, to promote it as a resource and, eventually, to achieve higher levels of recycling and the 
safe disposal of waste. In the EU27, an average of 503 kg of municipal waste was generated per person in 2011, 
while about 108 kg of waste was incinerated per person. Focusing on Italy, data recorded  in 2010 [1] show 50 
operating incinerators, with a total capacity equal to 7.12 Mtons/year, corresponding to 2925 MWt installed thermal 
capacity and to 783 MWe nominal electric power output. By the end of 2014 a further increase in WTE total 
capacity and energy recovery is expected to occur: due to both, existing power plant upgrading and new WTE 
facilities construction. Figure 1 shows distribution of Italian WTE facilities in terms of electric power output as 
function of waste thermal input (Fig. 1a) and steam cycle parameters (Fig. 1b). The average values of plant capacity 
and steam parameters, highlighted in figure, suggest that a WTE representative facility can be identified [2]. This 
average WTE is characterized by medium size (average input capacity equal to 55 MWt and gross electric power 
output 15.7 MWe), moderate steam cycle parameters (steam turbine inlet pressure = 43 bar and temperature = 
390°C) and typically steam extraction from turbine and regeneration. This arrangement and corresponding data have 
been taken into account to define an example of a “reference stand-alone WTE”, used as base case in the rest of this 
study, for comparison purpose with the proposed innovative solutions. 
This study, carried out in the framework of a collaboration between University of Bologna an Hera spa, an energy 
utility involved in design and management of WTE plants, is aimed at describing the potential of innovative 
solutions, based on the integration of conventional WTE plants and Gas Turbines (GTs). The final project aim is to 
provide guidelines for design of advanced WTE solutions, for a future implementation in new and/or existing plants 
of the industrial partner and in similar industrial realizations. Moreover, the paper aim is to discuss meaningful 
performance indicators of such Multi Fuel (MF) plants. 
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Fig. 1 Italian WTE electric power output and input thermal capacity (a) and steam cycle parameters  (b) [1]. 
 
2. WTE integration with GT units: investigated layout and results 
Starting from the reference conventional WTE plant defined above, the proposed advanced WTE steam/water 
side [3] integration layout is shown in Fig. 2. A one-pressure-level (1PL) arrangement with Heat Recovery Steam 
Generator (HRSG) has been considered. In this layout, the waste boiler has the task of producing saturated steam, 
while steam superheating (in SH) is performed into the HRSG. Indeed, in this proposed arrangement, in order to 
eliminate corrosion problems into the original SH of the WTE, the steam superheating process is moved inside the 
HRSG. This promising idea was introduced and analysed with reference to a first, simplified and not optimized 
layout, in a previous paper of the authors [4, 5] (where only a single economizing section was taken into account). 
This concept is further improved in this study. In particular, the economizer section is here shared between WTE 
boiler and HRSG with a parallel arrangement. Water flow downstream DEA is split into two streams: a fraction (f) 
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goes into ECO2, the economizer section inside the HRSG, while the remaining part (1-f) is sent to ECO1, inside the 
WTE boiler. A Mixer is introduced before EVA, to mix the two ECOs outlet streams. The split factor f has been set 
in order to equalize the mixer inlets temperatures. Inside the WTE convective section, a small Dryer bank replaces 
the original SH. Finally, a Dryer section is used only to slightly increase the saturated steam temperature (of about 
5°C) to avoid steam condensation in the distribution pipes towards SH. 
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Fig. 2 the new proposed WTE-GT integrated plant layout  
 
2.1. Steam cycle parametric investigation 
A thermodynamic parametric analysis of the WTE-GT integrated plant has been carried out by means of a 
commercial software [6] for energy systems based on lumped-modelling approach, in order to define the optimal 
WTE-GT matching, i.e. the optimal GT sizing, given the steam cycle parameters (namely, turbine inlet pressure, pST, 
and superheating temperature, TSH). The results of this investigation are presented in the maps of Fig. 3. The key 
influence factors are: (i) the thermal power discharged from GT (QEXH), entering the HRSG section; (ii) the input 
power introduced with waste in the WTE boiler (FW) and (iii) the steam cycle parameters, which have been kept 
constant in this study, as specified before. In particular, Fig. 3a shows the steam production trend versus QEXH for the 
WTE-GT plant featuring the above described layout; Fig. 3b provides the HRSG gas outlet temperature trend; Fig. 
3c gives the subcooling temperature difference at the economizers and Fig. 3d shows the trend of  TSH. 
Focusing on steam production (ms), a maximum value of the generated steam mass flow rate and a corresponding 
QEXH* can be identified (see Fig. 3a); below this value, GT is undersized as the amount of hot gases from the GT is 
not enough to fully superheat the steam produced by the WTE; beyond this value, an increase in the HRSG thermal 
input (QEXH), does not lead to additional benefits as the prescribed TSH is achieved, and the GT would be thermally 
oversized, causing higher HRSG outlet gas temperature (Fig. 3b), i.e. the GT discharged heat is not fully exploited. 
In order to calculate steam mass flow, energy balance equations in WTE and HRSG could be used, to express 
respectively the superheated steam produced in the HRSG (ms,HRSG) and the saturated steam generated by the WTE 
boiler (ms,WTE): 
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where: V is the HRSG effectiveness, function of the HRSG inlet and outlet gas temperatures; Kboil is the WTE boiler 
efficiency, mainly due to WTE gases outlet temperature and to the air-waste mass ratio; f and (1-f) are fractions of 
water sent to ECO2 and ECO1 respectively;'hSH, 'hECO2 are steam and water specific enthalpy rises in the SH and 
in ECO2 inside HRSG, respectively; 'hlat is the specific latent heat in EVA 'hdry  and 'hECO1 are the enthalpy 
increases in DRYER and ECO1, respectively. In particular, 'hECO2 and 'hECO1 are linked to the difference between 
economizers and deareator outlet temperature. Thus, they can be equal or higher than a minimum value imposed to 
avoid water evaporation in the economizers section, depending on QEXH value, as it will be detailed later. 
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Fig. 3: effect of GT discharged thermal power on: a) steam mass flow rate; b) HRSG outlet temperature; c) Economizers subcooling temperature 
difference; d) Superheated steam temperature 
 
The adopted layout forces the same value of steam mass flow rate in the HRSG and in the WTE section. 
Consequently, by equating Eq.s (1) and (2), the following must be satisfied: 
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Fig. 3a shows the solution of Eq. (3) in terms of steam production, as function of QEXH, assuming constant values of 
GT exhaust gas temperature (TO,GT), pST and FW. In conclusion, the performed analysis highlights that, for a given pST 
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and TO,GT, an optimum plant match (Point B), in terms of QEXH/FW, is found. This optimum WTE-GT configuration 
corresponds to an optimum sizing in terms of  TSH, HRSG outlet temperature (TO,HRSG) and sub-cooling temperature 
difference ('Tsc).In other terms, if QEXH > QEXH*, moving from B to A, the following results occur: (i) TO,HRSG 
increases (decreasing V), overcoming its minimum value (Fig. 3b); (ii) no change occurs to 'Tsc (Fig. 3c), which 
keeps its minimum value; (iii) TSH (Fig. 3d) can be kept constant to its maximum value, assuming a minimum 
approach difference between GT,OT  and TSH. 
If instead QEXH < QEXH*, two possibilities occur: (i) dotted line B o C: to keep steam mass flow rate at its 
maximum value ms,max, a reduction of TSH is required. In this case QEXH is not enough to superheat, at maximum 
level, all the steam that the WTE boiler could produce; (ii) continuous line B o D: TSH can be kept constant to not 
penalize the steam cycle efficiency, both reducing the steam mass flow rate and increasing'Tsc. Thus, WTE section 
turns out to be undersized. 
2.2. WTE-GT design with GT units selection 
The above described preliminary parametric analysis, which allows to identify an optimum plant match, has been 
used to design an integrated plant using specific market available GT machines. The numerical investigation has 
been carried out using the above mentioned reference case of a waste thermal capacity FW =55MW but the 
investigated WTE-GT integrated system taken into account presents a steam cycle characterized by pST=80bar and 
TSH=480°C, corresponding to a high performance WTE design (see Fig. 1); indeed, the study has been carried out 
considering a new installation; nevertheless, the methodology could be extended to other design scenarios, for 
example the case of repowering of existing conventional WTE (with medium technology steam cycle parameters). 
Different commercial GT units have been selected in this study, namely: GE 5251M (GT0), Rolls Royce RB211 
(GT1), GE LM2500 PJ (GT2) and GE LM2500 PH (GT3). Design data of GTs @ ISO condition are reported in 
Table 1 [6], along with GT discharged thermal power. Figure 4 shows, for each of the considered GT units, the 
resulting QEXH/FW ratio and the corresponding obtainable steam cycle mass flow rate increase, in comparison with 
the reference mean technology stand-alone WTE. GT2 unit has been selected close to the optimum QEXH value (i.e. 
min QEXH granting max ms), GT3 is characterized by an undersized thermal power, while GT0 and GT1 are 
oversized. As shown in Table 1, the electric efficiency of the GTs (ηGT), ranging between 25% and 36%, is a key 
factor which strongly affects the value of QEXH. Indeed, GT0 is the smallest electric size unit, but it results oversized 
in terms of QEXH because of the lowest ηGT value. Thermodynamic simulation and performance comparison of the 
different WTE-GT integrated plant designs derived from the application of the different GT units have been carried 
out, making use of different performance indexes, briefly reminded in the following paragraph and deeply discussed 
also in [7]. 
 
Table 1 Nameplate data of selected GT units at ISO cond. 
 
 
 
GT0 
5251M 
GT1 
RB211 
GT2 
LM2500 PJ 
GT3 
LM2500 PH 
PGT [MWe] 17.8 27.1 22.6 20.8 
TO,GT [°C] 510 506 544 533 
Air flow [kg/s] 96.0 90.6 64.7 63.6 
Exh. flow [kg/s] 97.5 92.3 68.3 64.2 
ηGT [%] 24.9 35.2 35.7 35.7 
FNG [MWt] 71.3 77.3 63.4 58.4 
QEXH [MWt] 57.5 54.1 43.2 39.8 
QEXH/FW [-] 1.04 0.98 0.79 0.72 
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Fig. 4 ms vs QEXH/FW using commercial GT units 
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3. Performance indexes for topper-bottomer integrated systems 
The need to investigate the performance of the WTE-GT integrated system, taking into account the Multi Fuel 
(MF) nature of the plant, is a difficult issue. The difficulty lies in assigning the extra power generated as a 
consequence of systems integration. Moreover, as one of the fuels (waste) can be considered completely or partially 
renewable, the issue of output allocation to each single fuel becomes of utmost importance. 
The integrated WTE-GT power plant can be seen as a topper-bottomer system (Fig. 5) where the topper, fed by 
input fuel FNG, is integrated with the bottomer, fed with input fuel FW; the topper discharges also QEXH, exploited by 
the bottomer. The total useful electric production of this MF system is PTOT, sum of topper and bottomer useful 
output, PGT and PST respectively, and an effect of  QEXH is included in PST. In order to quantify the MF system 
performance, the first law efficiency, KI, can be used: 
 
WNG
TOT
FF
P
I  K            (4) 
 
considering the dotted control surface in Fig. 5. This global index can be used for a preliminary performance 
assessment but it does not provide complete information on the integration of two different fuels.  
The MF system can be compared with a separate Single Fuel (SF) reference scenario (Fig. 6). In this SF scenario 
the same topper operates as separate unit fed with the same fuel input FNG and discharges the same useful heat, QEXH 
while the reference bottomer operates fed with FW, without any thermal integration with the topper. The assumed SF 
comparative scenario consists in a GT unit and a WTE stand-alone reference plant. The synergy effect occurs only in 
the bottomer section, where the operating fluid (water/steam) receives heat from both FW and GT exhaust gases†.  
TOPPER
PGTFNG
QEXH 
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PSTFW
PTOT
Control surface
 
SF,GT
ηSF,GT
PSF,GTFNG
QEXH
SF,W
ηSF,W
PSF,STFW
 
Fig. 5 Schematic of the integrated MF system. 
 
Fig. 6 Schematics of reference SF systems. 
 
In order to measure the integrated system performance in comparison with the reference scenario a new index, 
named MF Synergy Index, SI,  can be used, defined according to [7]: 
   STSFEXHGTSF STSFEXHGTSFTOT PQP
PQPP
SI
,,
,,

 H
H
        (5) 
 
where PSF,GT  and PSF,ST  are the useful electric output of the separate SF systems and H is the electric equivalent of 
QEXH. Indeed, also the heat contribution should be considered as a potential useful output in the separate scenario. 
Thus, the terms in bracket represent the total useful energy products (converted into electricity) of the SF systems. 
It is also possible to introduce two additional relative synergy indexes, respectively the natural gas relative 
 
† Thus, the integration does not affect the topper section, except for small backpressure losses, neglected here for sake of simplicity. 
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synergy index SING (related to the topper fuel) and waste relative synergy index SIW (of the bottomer fuel): 
 
Natural gas relative synergy index: 
NG
STSFTOT
NG F
PP
SI ,
       (6) 
Waste relative synergy index: 
 
W
EXHGTSFTOT
W F
QPP
SI
H ,       (7) 
These two indexes can be used to indicate respectively the topper/bottomer marginal efficiency (if any) of each fuel, 
with reference to the SF scenario. Taking into account the SF scenario of Fig. 6, it is possible to express the natural 
gas SF reference efficiency, as: 
 
NG
EXHGT
NGSF F
QP  HK ,            (8) 
 
Depending on the importance accredited to QEXH, the SF reference system can coincide with a simple cycle GT (H , 
i.e., no QEXH valorisation) or with a combined cycle (H>0) of different HRSG arrangement (1LP, 2LP, etc.). 
The reference SF plant for waste can be a conventional stand-alone WTE steam cycle, characterized by the 
following reference efficiency: 
 
W
STSF
WSF F
P ,
,  K            (9) 
 
Finally, the topper and bottomer electric equivalent efficiency values can be also defined as follow: 
 
NG
EXHGT
GTEE F
QP  HK ,            (10) 
W
EXHST
WEE F
QP  HK ,           (11) 
 
where, the first one is coincident with KSF,NG, while, in the second one, the effect of the inlet heat recovered from the 
topper is subtracted from the bottomer. Using eq. (10) and (11), the first law efficiency of the MF integrated system 
can be rewritten in terms of topper and bottomer electric equivalent efficiencies as: 
 
¸¸¹
·
¨¨©
§
¸¸¹
·
¨¨©
§
 WNG
NG
W,EE
WNG
NG
GT,EEI FF
F
FF
F KKK        (12) 
 
This equation shows that the first law efficiency is clearly the weighted average of KEE,GT and KEE,W, calculated 
using as weights the heat supplied in the two sub-systems. The effect of H on topper and bottomer electric equivalent 
efficiencies is highlighted in Fig. 7, where linear trends are plotted according to eq. (11) and eq. (12). Focusing on 
KEE,GT trend vs Hkeeping constant all the other parameters, if H  (i.e., no valorisation of the GT discharged heat), 
KEE,GT assumes its lowest value, equal to the value of the stand-alone GT efficiency. By increasing H, which means to 
increase the importance of the GT discharged heat converted into useful output in the bottomer section, KEE,GT 
increases and therefore the exploitation of natural gas in the integrated plant is improved. 
The maximum valorisation corresponds to a H value equal to the state-of-the-art technology of natural gas 
exploitation, represented by combined cycle power plant. On the other side, the trend of KEE,W is decreasing versusH; 
indeed, the increase of heat valorisation reduces the contribution of the bottomer fuel to the total output. Described 
results highlight that the valorisation of natural gas and waste in terms of their relative electric equivalent 
efficiencies depends on the “importance” of the exchanged heat: if the assumed H is very high, the natural gas 
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exploitation in the MF system is remarkable, while waste is penalized and vice versa. Instead, the value of KI for the 
studied MF integrated system, calculated according to Eq. (9), does not provide this information, since it remains 
constant regardless the value of H. 
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Fig. 7 Topper & bottomer electric equivalent efficiencies value as function of H . 
 
Finally, it is possible to assess the contribution of each input fuel to the total output power. The topper/bottomer 
MF case introduces a further complication: a contribution of FNG should be identified into the bottomer power 
output, due to QEXH. Two approaches could be used [7] to evaluate gas and waste contributions, named here P’NG and 
P’W, to the total power. With a first Approach (#1), the following expressions of actual useful output are obtained: 
 
NGI
WNG
NG
TOTNG FFF
FPP   c K          (10) 
WI
WNG
W
TOTW FFF
FPP   c K           (11) 
 
This approach could be misleading because the two output contributions are directly proportional to the two input 
fuels, but the QEXH effect is not accounted. Thus, according to a second Approach (#2), a new expression of the 
actual useful output could be introduced: 
 
WWNGNG
NGNG
TOTNG SIFSIF
SIFPP 
 c          (12) 
WWGTGT
WW
TOTW SIFSIF
SIFPP 
 c          (13) 
 
As it can be observed by comparing P’NG and P’W  definitions provided by the two Approaches, the concept of 
heat valorisation through H is accounted only in Approach #2, via SIW. This is an important aspect, helpful to judge a 
topper-bottomer MF system, when one of the fuels (e.g. waste derived fuel) is incentivised.  
4. WTE-GT integrated plants performance results 
The above introduced performance indexes have been applied to the investigated WTE-GT integrated plant 
variants. Numerical results of the thermodynamic analysis and the corresponding performance indexes are shown in 
Table 2. A comparison with WTE stand-alone plants with mid-technology level and with High-performing steam 
cycle is also carried out in the table. In case of GT2 and GT3, also an advanced configuration (case Opt) with 
optimized steam parameters has been simulated. Indeed, as the approach temperature difference would be 
significantly high with these two GTs (if TST is kept constant to 480°C), in order to improve the WTE-GT integrated 
design, TST has been increased (a minimum allowed approach equal to 20°C has been considered in all cases). The 
following findings can be highlighted: 
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x In comparison with the reference WTE stand-alone configurations, the steam mass flow rate increases 
significantly in all GT units cases, up to 50% and 57% of the mean and high performance WTE stand-alone 
values, respectively. In the steam cycle enhanced conditions (Case Opt), the steam mass flow rate slightly 
decreases, but all the other performance indicators increase, demonstrating the possibility to optimize the 
thermodynamic design of the steam cycle with low efficiency GTs (high exhaust temperature values). 
x All the investigated WTE-GT integrated configurations provide a gain in power output in comparison with the 
separate stand-alone WTE: ST power increase vs. mean (high) performance WTE stand-alone ranges between 
11.5 and 13.1 MW (between 9.4 and 10.2 MW). 
 
Table 2 Key thermodynamic variables and Performance results of WTE-GTs integrated systems 
 Reference WTE 
GT0 
GE 5251M 
GT1 
RB 211 
GT2 
LM2500 PJ 
GT3 
LM2500 PH 
 Mean High    Opt  Opt 
ST inlet temperature (TST) [°C] 390 480 480 480 480 514 480 490 
ST inlet pressure (pST) [bar] 43 80 80 80 80 80 80 80 
Steam temperature at SH outlet [°C] 395 485 485 485 485 519 485 495 
Evaporation pressure at ECO outlet [bar] 49 85 85 85 85 85 85 85 
TO,GT  in integrated configuration [°C] - - 511 507 545 545 534 534 
Approach temperature difference [°C] - - 26 22 60 26 49 39 
mass flow splitting factor (f) [-] - - 0.7 0.7 0.7 0.67 0.67 0.67 
Steam mass flow rate ms [kg/s] 18.9 18.1 28.4 28.4 28.4 27.8 27.7 27.4 
Sub cooling temperature difference [°C] 50 50 10 10 10 16 17 20 
HRSG outlet temperature (TO,HRSG) [°C] - - 227 208 141 138 138 138 
HRSG effectiveness (TO,GT-TO,HRSG)/(TO,GT-Tamb) [-] - - 0.572 0.608 0.762 0.768 0.763 0.763 
WTE outlet temperature [°C] 164 150 182 182 182 172 173 174 
High pressure ST bleed mass flow rate [kg/s] 1.81 1.73 2.41 2.41 2.41 2.33 2.37 2.34 
Low pressure ST bleed mass flow rate [kg/s] 1.68 1.62 2.54 2.54 2.54 2.45 2.48 2.44 
Regeneration ratio  0.41 0.41 0.34 0.34 0.34 0.34 0.34 0.34 
WTE-GT integrated gross output power [MW] - - 46.4 55.9 51.4 52.2 48.8 48.9 
WTE-GT integrated net output power PWTE+GT [MW] - - 44.9 54.2 49.7 50.6 47.2 47.3 
GT output power [MW] - - 17.7 27.0 22.6 22.6 20.7 20.7 
ST net power [MW] 14.9 17.0 27.2 27.2 27.2 28.0 26.4 26.6 
ST power increase vs. WTE stand-alone [MW] - - 12.3/10.2 12.3/10.2 12.3/10.2 13.1/10 11.5/9.4 11.7/9.6 
First law efficiency [%] 27.1 30.9 35.5 41.0 42.0 42.7 41.6 41.7 
Natural Gas relative Synergy Index [%] - - 42.0/39.1 50.9/48.1 54.9/51.6 56.2/53.0 55.3/51.7 55.5/51.9 
P’GT (Approach #1) [MW] - - 25.3 31.7 26.6 27.1 24.3 24.4 
P’W (Approach #1) [MW] - - 19.6 22.5 23.1 23.5 22.9 22.9 
H  (i.e., no valorisation of the GT discharged heat) 
MF Synergy Index  [%] - - 37.3/29.0 29.0/22.9 32.7/25.5 34.9/27.8 32.2/24.9 32.6/25.1 
Waste relative Synergy Index [%] - - 28.4 41.0 43.2 44.7 42.3 42.5 
P’GT (Approach #2) [MW] - - 29.5/28.8 34.4/33.7 29.5/28.8 29.9/29.2 27.4/26.7 27.5/26.7 
P’W (Approach #2) [MW] - - 15.4/16.1 19.8/20.5 20.2/20.9 20.7/21.4 19.8/20.5 19.8/20.6 
H  (i.e., 1PL CC discharged heat valorisation) 
MF Synergy Index  [%] - - 0.0/SI <0 1.0/SI <0 7.0/2.0 8.0/4.0 7.0/2.0 7.0/2.0 
Waste relative Synergy Index [%] - - 27.3 28.6 32.8 34.4 32.8 33.0 
P’GT (Approach #2) [MW] - - 29.9/29.2 38.7/38.1 32.7/32.0 33.1/32.4 30.3/29.5 30.3/29.6 
P’W (Approach #2) [MW] - - 15/15.7 15.5/16.1 17.0/17.7 17.5/18.2 16.9/17.7 17.0/17.7 
 
x In all WTE-GT cases, the First Law Efficiency is higher, in the range 35-43% (max. of KI occurs in GT2 Case 
Opt), than the conversion efficiency of both the reference WTE and the used GT unit.  
x Evaluation of synergy indexes and output allocation via Approach #2 have been performed according to two 
different values of Hcorresponding to two scenarios: (i) simple cycle GT (H , i.e., no QEXH valorisation) and (ii) 
QEXH valorisation, assuming a representative 1PL combined cycle (H=0.21 [7]). As reported in Table 2, by 
increasing the importance of QEXH  in the reference SF scenario, the synergy effect of WTE-GT integrated plant 
decreases; in particular, while in case of H all configurations show positive values of MF Synergy Index, for 
H=0.21 GT0 and GT1 show a slightly increase compared to mid-tech. reference WTE or no benefit compared to 
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high-tech. reference WTE. 
x The NG relative Synergy Index is relevant (reaching values up to about 56% in the best case, GT2 case opt.), 
showing that if the benefit of integration is attributed to NG the efficiency can be comparable with typical values 
of CC. Also Waste relative Synergy Index values are positive with higher values for GT2 case Opt, for both 
value of H. The values of this index are higher than the WTE reference efficiency. 
x Observing the output allocation values, the power associated to NG (P’NG)  results higher than the GT output 
power in both considered Approaches. This means that a fraction of ST power output is due to the topper 
contribution trough QEXH. On the other side, the power due to waste (P’W ) is lower than the ST power in 
integrated configurations but higher that the WTE reference plant power. Comparing the two output allocation 
approaches, it can be observed that: (i) the P’NG is always higher in case of Approach#2 compared to #1; (ii) P’NG 
values increase when Hincreases. 
x A final global comparison of all the analysed cases shows that the best performing configuration is WTE-GT2 
Case opt, confirming that a guideline for the WTE-GT design optimization is to select the GT unit providing the 
min QEXH and FNG, but at the same time allowing to achieve the max ms (Fig. 7).  
x Despite the increased costs in comparison with the reference WTE, due to ST enlargement and GT installation 
and operational costs, economic benefits occur both for the additional energy production incomes and for the 
removed corrosion problems in the WTE convective SH section. These economic aspects have not been 
quantified in this study but, according to field data coming from the existing WTE-GT plants in Europe [3, 8, 9], 
the planned maintenance intervals for corrosion problems can be reduced to a third in comparison with stand-
alone WTE. 
Conclusions 
A detailed numerical analysis of the achievable performance by means of a WTE power plant integrated with 
different existing GT units have been presented. The resulting performance enhancement in comparison with two 
reference stand-alone WTE (a mid-tech and high tech. reference) have been quantified. Combining WTE with GTs 
in a hybrid configuration provides an increase in the steam cycle mass flow rate and in the steam turbine power 
output (up to 85%). This is a significant increase compared to typical mid-tech. stand-alone WTE plants. The best 
GT unit to select in order to achieve maximum performance (max steam generation and min exhaust gas 
temperature) depends mainly on the GT exhaust heat, for a given waste capacity. This study shows that by 
integrating a WTE with a commercial GT, a substantial increase in First Law Efficiency occurs, in comparison with 
the separated reference WTE and GT, with a considerable synergic effect. It must be noted that, due to high exhaust 
temperature values of commercial GT units, an increase of the steam cycle parameters (i.e.. steam superheated 
temperature and evaporation pressure) in comparison with the p-T set of the reference WTE, must be pursued in the 
design of the WTE-GT integrated plant. As a consequence, a significant power output increase can be achieved. 
Finally, this study showed and applied to the presented configuration of the integrated WTE-GT plant, different 
performance indexes and output allocation approaches, to express the benefits of the integration. 
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